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TECHNICAL MEMORANDUM 

1 . LN'i'1iOl)UCTION __-- 

This memorandum d i s c u s s e s  t h e  b i o m e d i c a l  and  behav- 
ioral nit.a:;urement a c t i v i t y  which  m i g h t  be  c a r r i e d  o u t  on a 
:: Ls-mati, two-year  e a r t h - o r b i t a l  s p a c e  s t a t i o n  whose g e n e r a l  
c l i a i i a c t c l r i ; t i c s  a r e  o u t l i n e d  i n  a p r e v i o u s  memorandum b y  G .  
' 1 ' .  0 r i ro l i  (Ref .  1 ) .  Major  emphas i s  i s  p l a c e d  on t h e  g e n e r a l  
t y i ' e , :  o f  rncd ica l  a c t i v i t y  which would b e  m e a n i n g f u l  i n  t h e  
.:k)ac:c s t a t i o n  ra ther  t h a n  a d e t a i l e d  d e s c r i p t i o n  o f  e a c h  crew 
~ L ~ I ~ ~ c I ~ '  :: a c t i v i t y  t h r o u g h o u t  t h e  m i s s i o n .  

I t  w i l l  b e  shown t h a t  a f t e r  t h e  m e d i c a l  e x p e r i m e n t s  
ai i (> p e r f o r m e d  enough time remains i n  t h e  work s c h e d u l e  o f  
ch;lcll c rew member t o  c a r r y  o u t  a r e a s o n a b l e  p rogram o f  a s t r o n -  
uiiiy, earth l o o k i n g  and  b i o s c i e n c e  a c t i v i t i e s ,  as w e l l  as  t h e  
ptli',;onal m a i n t e n a n c e  and s p a c e c r a f t  o p e r a t i o n s  a n d  m a i n t e n a n c e  
a c t i v i t i e s  i n  t h e  s p a c e  s t a t i o n .  A l l  o f  t h e  s c i e n t i f i c  a c t i v -  
i t i r . : :  t o  be c o n d u c t e d  on t h e  s p a c e  s t a t i o n  a r e  bounded b y  t h e  
. ;Leep-eat-work s c h e d u l e  d e s c r i b e d  by S.  L .  Penn ( R e f .  2 )  a n d  
r e f e r r e d  to as t h e  P e r s o n a l  Ma in tenance  Subsequence .  

S i n c e  the m e d i c a l  e x p e r i m e n t  program i s  v e r y  s e n s i -  
t i  v c  Lo pr .evious f l i g h t  a c t i v i t y ,  t h e  f o l l o w i n g  a s s u m p t i o n s  

, 
f- . 

k e p t  c l e a r l y  i n  mind: 

1Je f o r e  t h i s  two-year  m u l t  i - d i  s c i p l  i n a r y  m i  s s i o n  
i s  f l o w n ,  t h e  AAP p rogram w i l l  have  been  s u c c e s s -  
f u l l y  c o m p l e t e d .  T h i s  means t h a t  th ree-man c rews  
will have  pe r fo rmed  w e l l  u n d e r  c l o s e  m e d i c a l  s u r -  
v e i l l a n c e  f o r  as l o n g  a s  s i x t y  days w i t h o u t  e v i -  
d e n c e  of  m e d i c a l  or b e h a v i o r a l  p r o b l e m s  s e r i o u s  
enough t o  p o t e n t i a l l y  j e o p a r d i z e  crew s a f e t y  f o r  
t h i s  m i s s i o n .  

The l o g i s t i c s  r e - s u p p l y  i n t e r v a l  on t h i s  f l i g h t  
i s  assumed t o  b e  n i n e t y  d a y s .  T h e r e f o r e ,  e v e n  
i f  t h e  a s t r o n a u t s  s t a y  up f o r  o n l y  one l o g i s t i c s  
c y c l e ,  t h e y  w i l l  have  exceeded  t h e i r  p r e v i o u s  
s t a y  i n  o r b i t  b y  a t  l e a s t  t h i r t y  d a y s .  

( 8  AS -CR - 103 96 0) 3 ZOREDICT NE SUBS E (;U ENCE IN 
N79-73009 
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‘ Y 1 1 e  e x p e r i m e n t s  a r e  d e s i g n e d  p r i m a r i l y  to g i v e  ad-  
v:iiicr’cl W W I I  inrJ o f  any  impending  b e h a v i o r a l  o r  p h y s i o l o g i c a l  
protl  I em:; w i l i  c h  m i g h t  a r i s e  from t h e  s t r e s s e s  o f  s p a c e  f l i g h t  
arid t o  p r e d i c t  how w e l l  t h e  men are  l i k e l y  to s u r v i v e  r e - e n t r y  
31ld p o s t - f l i f ~ h t  e a r t h  g r a v i t y  c o n d i t i o n s .  I n  a d d i t i o n  to t h i s  
c c ~ l ~ 1 l ’ c - l l i n g  and  immediate  o b j e c t i v e  , i n - d e p t h  m e d i c a l  e x p e r i -  
i i i t ’ n t  :; are a l s o  needed  to i n v e s t i g a t e  t h e  t i m e  c o u r s e  o f  man’s  
p 1 ~ y : ; i o l o g i c a l  a d a p t a t i o n  between z e r o - g r a v i t y  and  e a r t h - g r a v -  
i L y  c o n d i t i o n s  ( i n c l u d i n g  i n d i v i d u a l  v a r i a t i o n s  i n  t h i s  adap-  
ta t  i o n  proces:;)  and  to t e s t  any  p r o m i s i n g  schemes which m i g h t  
t ) c h  dc>viscd t o  a s s i s t  u s  i n  t h i s  a d a p t a t i o n  p r o c e s s .  I t  i s  
i i i ipottant to remember  t h a t  t h e  a s t r o n a u t  p o p u l a t i o n  w i l l  be  
ainotig t h e  b e s t  m e d i c a l l y - c h a r a c t e r i z e d  g r o u p  o f  r ’normal r ’  p e o p l e  
i r i  t l i p  w o r l d ,  s o  t h a t  o u r  knowledge o f  human b i o l o g y  w i l l  
;):i~-aL.Ly b e n e f i t  f rom c a r e f u l l y - d e s i g n e d  s t u d i e s  o f  a s t r o n a u t  
p ~ ~ r f o r m a n c e  u n d e r  s p a c e  f l i g h t  s t r e s s e s .  

.L I: . UlI: S C 13 I P T I O N  0 F’ MEDIC A L ACT I V  I TY 

It i s  i m p r o p e r  at t h i s  t i m e  t o  o u t l i n e  t h e  d e t a i l e d  
.;I>L o f  tncd ica l  e x p e r i m e n t s  which s h o u l d  b e  f lown  i n  a 1974 two- 
y ~ ’  11’ i n i s : ;  Lon b e c a u s e  o f  our l a c k  o f  e x p e r i e n c e  i n  l o n g - d u r a t i o n  
L;l)acc f l i i ; t i t .  I n s t e a d ,  w e  a t t e m p t  to d e s c r i b e  t h e  t y p e  o f  med- 
ic:i l  e x p e r i m e n t  a c t i v i t y  which w i l l  p r o b a b l y  b e  needed  to 
.;cl!i,;fy t!!e c b j e c t i v e s  o f  t h e  p rogram,  t h e  g e n e r a l  t y p e s  o f  
L: l i i l ls  3nd t a s k s  r e q u i r e d  o f  t h e  a s t r o n a u t s ,  t h e  l i k e l y  f r e -  
( ~ u c ~ i i c , y  o f  m e d i c a l  measurements ,  t h e  f a c t o r s  which a f f e c t  t h i s  
f‘iictquericy and  t h e  r e s u l t i n g  l i k e l y  a s t r o n a u t  t i m e  r e q u i r e d  to 
cai’r,v o u t  t h e  measu remen t s .  

A .  T y p e  o f  - _  Measurements  a n d  T a s k s  I n v o l v e d  

’I’he m e d i c a l  e x p e r i m e n t s  f a l l  w i t h i n  t h e  f o l l o w i n g  
tl;c>iirral c l a s s e s  : 

1. L a b o r a t o r y  a n a l y s i s  o f  b l o o d ,  u r i n e  and f e c e s :  
T h i s  p r o v i d e s  i n f o r m a t i o n  a b o u t  m i n e r a l  d e p l e -  
t i o n  o f  t h e  a s t r o n a u t ,  s t r e s s  hormones ,  O2 
c a r r y i n g  c a p a b i l i t y  o f  t h e  b l o o d ,  w h i t e  c e l l  
p o p u l a t i o n ,  water b a l a n c e ,  e t c .  L a b o r a t o r y  
a n a l y s i s  of  t h e  m i c r o b i a l  p o p u l a t i o n s  w i l l  a l s o  
b e  made. 

i’. Cax7d iovascu la r  and  r e s p i r a t o r y  measurements  : 
‘fi-ie:je measurements  r e v e a l  t h e  dynamics  o f  t h e  
b l o o d  d i s t r i b u t i o n  s y s t e m  (wh ich  must f u n c t i o n  
c o n s i d e r a b l y  d i f f e r e n t l y  i n  z e r o - g r a v i t y  con- 
d i t i o n s ) ,  the h e a r t  o u t p u t ,  t h e  volume, com- 
p l i a n c e  and  f u n c t i o n i n g  o f  t h e  l u n g s .  
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3. I ' ( ~ r f o r m m c e  measurements  : These  a re  d e s i g n e d  
t o  keep  a r u n n i n g  check  o n  s e n s o r y  p e r c e p t i o n  
____--I_ __ 

( i n c l u d i n g  v i s u a l  and o r i e n t a t i o n ) ,  r e a c t i o n  
t i m e ,  l o n g  and s h o r t  t e r m  memory, v e s t i b u l a r  
fur ic t  i o n  and  e l e c t r o - e n c e p h a l o g r a m .  

4. M e t a b o l i c  and  n u t r i t i o n a l  s t u d i e s  : These meas- 
u remen t s  d e t e r m i n e  t h e  f l u i d ,  n i t r o g e n  and  min- 
e r a l  b a l a n c e  o f  t h e  a s t r o n a u t s ,  t h e i r  m e t a b o l i c  
e f f i c i e n c y  a t  p e r f o r m i n g  v a r i o u s  known t a s k s  
and  t h e i r  work c a p a c i t y  s u i t e d  and  u n s u i t e d .  

The above  e x p e r i m e n t s  w i l l  r e q u i r e  e a c h  a s t r o n a u t  
t c 7  be t h e  s u b j e c t  o f  a s c h e d u l e d  s e t  o f  m e d i c a l  t e s t s .  Some 
o f  t h e  t e s t s  ( e . g . ,  p e r f o r m i n g  e x e r c i s e  w h i l e  w e a r i n g  e l e c -  
trodes) r e q u i r e  t h a t  a n  o b s e r v e r  h e l p  m o n i t o r  t h e  measurement  
t ' ( ~ c o ~ - d i  r i g  w h i l e  t h e  s u b j e c t  i s  p e r f o r m i n g  t h e  e x p e r i m e n t .  I n  
addi tLori  t o  b e i n g  s u b j e c t  a n d  o b s e r v e r ,  one  or more o f  t h e  as- 
tiwtlaut:; must  a l s o  have  t h e  l a b o r a t o r y  t e c h n i c i a n  s k i l l s  needed  
t o  per form a n a l y s i s  on t h e  s a m p l e s .  

T o  c a r r y  o u t  t h e s e  measu remen t s ,  t h e  men w i l l  d e f -  
i t i i t c l l y  have t o  be t r a i n e d ,  b u t  t h e  d e g r e e  o f  s p e c i a l i z a t i o n  
i: ;  low enougli t h a t  any  a s t r o n a u t  c o u l d  do t h e  j o b .  Anyone who 
car1 f l y  a n d  l a n d  a m i l i t a r y  J e t  p l a n e  c o u l d  e a s i l y  l e a r n  t o  
coi lduct  t h e s e  m e d i c a l  e x p e r i m e n t s .  T h e r e f o r e  , f o r  t h e  m e d i c a l  
f l x p e r i m e n t s ,  a l l  crew members are  c o n s i d e r e d  i n t e r c h a n g e a b l e .  
T h e  a n a l y s i s  o f  s a m p l e s  , however ,  migh t  i n v o l v e  sorne s p e c l a l -  
i::ed t e c h n i q u e s  ( s u c h  as i n t e r p r e t i n g  w h i t e  b l o o d  c e l l  c o u n t ) .  
'I'liis i s  t h e  o n l y  p a r t  of t h e  m e d i c a l  p rog ram which  c a n n o t  b e  
s t i a i ~ c d  by  a l l  crew members ,  b u t  t h e  f r e q u e n c y  and  d u r a t i o n  of  
tlit.:;e s p e c i a l i z e d  tasks i s  low enough n o t  t o  s e r i o u s l y  t i e  up 
a i i y  one man f o r  a s i g n i f i c a n t  f r a c t i o n  o f  h i s  work d a y .  

1.3. I+equency o f  Measurements  a n d  T i m e  Needed to P e r f o r m  Them 

The p r e l i m i n a r y  s t u d i e s  o f  a n  I n t e g r a t e d  M e d i c a l  and 
k t i a v i o r a l  L a b o r a t o r y  Measurement Sys tem (IMBLMS) , which  h a v e  
bt>t.>ii c o n d u c t e d  b y  G e n e r a l  E l e c t r i c  and Lockheed f o r  NASA Head- 
( i u a r > t ( . r s ,  o u t l i n e  t h e  measurements  which would be f e a s i b l e  and  
advI: ; : ible  f o r  e a r t h  o r b i t i n g  s p a c e  s t a t i o n .  Some o f  t h e s e  meas- 
uiicment:; are d e s c r i b e d  i n  Tab le  I .  The t i m e  needed  f o r  e a c h  
t?xperimr.nt and t h e  f r e q u e n c y  o f  t h e  e x p e r i m e n t s  l i s t e d  i n  t h e  
LMljLMS s t u d i e s  a r e  i n  s u b s t a n t i a l  a g r e e m e n t  w i t h  t h e  " B i o l a b s "  
.study by  Lockheed ( R e f .  3 ) .  

S i n c e  t h e  l i s t s  a r e ,  i n  t h i s  a u t h o r ' s  o p i n i o n ,  v e r y  
c o m p l e t e  and  c a l l  f o r  e x p e r i m e n t s  q u i t e  o f t e n ,  w e  c a n  assume 
t h a t  t h e y  were d e s i g n e d  f o r  a n  i n t e n s i v e  " b i o m e d i c a l "  m i s s i o n .  
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If‘ t hes (>  e x p e r i m e n t s  were a l l  done a t  t1iei.r recoiiiinend(~d f ’ r c \ -  
qu txr icy ,  e a c h  a s t r o n a u t  would b e  t h e  s u b j e c t  o f  a m e d i c a l  ex-  
p ~ . ~ r ~ i m e r i t  for o v e r  2.5 h o u r s  p e r  d a y  and  a n  o b s e r v e r  for o n e  
t l o u r  per d a y .  I n  a d d i t i o n ,  a n a l y z i n g  t h e  m e d i c a l  s a m p l e s  for 
tlirctl c r ew members  would t a k e  a b o u t  3 . 3  h o u r s  p e r  d a y .  

1’0 c o n s t r u c t  t h e  s k e l e t o n  o f  a r e a s o n a b l e  m e d i c a l  
P l l ~ ~ ~ ; r a m  Tor  t h i s  two-yea r ,  s ix-man,  m u l t i - d i s c i p l i n a r y  s p a c e  
.:L:3t iori ,  w e  assume f o r  p l a n n i n g  p u r p o s e s  t h a t  t h e  IMBLMS se t  
oJ’ e x p c r i r n e n t s  w i l l  b e  r u n  ( s i n c e  w e  now have  no v a l i d  way o f  
r u l l n g  o u t  p rob lem a r e a s )  b u t  t h a t  t h e i r  f r e q u e n c y  w i l l  be re- 
d u c e d .  This i s  a way o f  s a y i n g  t h a t  w e  w i l l  u n d o u b t e d l y  know 
inore ( t h e r e f o r e  n e e d  l e s s  f r e q u e n t  m e a s u r e m e n t s )  a b o u t  m e d i c a l  
p r o b l c m s  a f t e r  t h e  60-day AAP f l i g h t s ,  b u t  w e  c a n n o t  s a y  what 
we w i l l  ltriow. The f o l l o w i n g  t a b l e  shows how w e  have  r e d u c e d  
t t i < >  f r e q u e i i c y  o f  t h e  m e d i c a l  e x p e r i m e n t s  : 

UTOLABS FREQUENCY REVISED FREQUENCY 

Once p e r  1 0  d a y s  Once p e r  1 4  days  

Once p e r  5 d a y s  Once p e r  7 d a y s  

Every  day  Every  two d a y s  

Us ing  t h i s  r e v i s e d  f r e q u e n c y  s c h e d u l e  a n d  i n c r e a s -  
I!!:): t!ie l a b o r a t o r y  a n a l y s i s  t i m e  by a f a c t o r  o f  1 . 5  t o  g o  f r o m  
a t h rce -man  t o  a s ix-man crew,  w e  f i n d  t h a t  t h e  new s u b j e c t  
tiiiie p e r  a s t r o n a u t  i s  a b o u t  1 . 7 5  h o u r s  p e r  d a y ,  t h e  o b s e r v e r  
L i w  is a b o u t  . 7 5  h o u r  p e r  d a y ,  and  t h e  l a b o r a t o r y  a n a l y s i s  
tirne i.i a b o u t  ?.5 h o u r s / d a y .  T h i s  a n a l y s i s  t i m e  c o u l d  be e i t h e r  
jkiLt t  amonr; t h e  t h r e e  s h i f t s  i n  t h e  day or c o n s o l i d a t e d  i n t o  a 
.; I 1 1 1 : l e  b l o c k .  

F i g u r e  1 shows one way i n  which t h i s  t i m e  can  f i t  
i 11Lo tlie work p e r i o d s  o f  t h e  p e r s o n a l  m a i n t e n a n c e  s c h e d u l e  

: i t  3 tirnc in t h e  day when f o u r  men are  a v a i l a b l e  f o r  work ,  s o  
t I i a 1  i f  a solar f l a r e  or o t h e r  c o n t i n g e n c y  s h o u l d  a r i s e  when 
r r ic~di~a l  e x p e r i m e n t s  a r e  i n  p r o g r e s s ,  t h e  two r e m a i n i n g  crew- 
i r i c ’ i i  can take c a r e  o f  t h e  c o n t i n g e n c y  w i t h o u t  r e q u i r i n g  an  
ab i .up t  c e : : s a t i o n  i n  t h e  m e d i c a l  e x p e r i m e n t s .  

i ;; c) u < -  .>.,eLi < -  1)y S .  L. Penn ( R e f .  2 ) .  E x p e r i m e n t s  a re  p e r f o r m e d  

I t  s h o u l d  b e  p o i n t e d  o u t  t h a t  t h e  a v e r a g e  m e d i c a l  ex- 
pt ’ r iment  t ime  p e r  week f o r  e a c h  a s t r o n a u t  adds up to 2 1  h o u r s  
i r i  ttkie s c h e d u l e  o f  F i g u r e  1. T h i s  i s  c o n s i d e r a b l y  more t i m e  
tilati recommended by t h e  S a t u r n  V Workshop S t u d y  ( R e f .  4) which  
a l l o w e d  a t i m e  of 10 t o  15 h o u r s  p e r  week.  It i s  c l e a r  t h a t  
i f  <’l h o u r s  p e r  week i s  c o n s i d e r e d  a n  e x c e s s i v e  t i m e  t o  d e v o t e  
t c) m e d i c a l  e x p e r i m e n t s ,  a c o n s i d e r a b l e  number o f  e x p e r i m e n t s  
inuL;t b e  removed f rom t h e  p r e l i m i n a r y  IMBLMS l i s t  of  e x p e r i m e n t s .  
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C .  E f f e c t  o f  F l i g h t  D u r a t i o n  on T i m e  Devoted t o  M e d i c a l  
E x p e r i m e n t s  

The s e t  o f  measurements  d e s c r i b e d  above  and  s c h e d u l e d  
i n  F i g u r e  1 i s  c o n s i d e r e d  a minimum s e t  e v e n  for men who have  
had e x p e r i e n c e  i n  s p a c e  b e f o r e .  F o r  e x a m p l e ,  i t  c a l l s  f o r  most  
o f  t h e  measu remen t s  t o  b e  r u n  e v e r y  two weeks w i t h  o n l y  a small  
amount o f  t i m e  needed  f o r  measurements  more f r e q u e n t l y .  The re -  
f o r e ,  as the  m i s s i o n  p r o g r e s s e s  t o  d u r a t i o n s  l o n g e r  t h a n  t h e  
p r e v i o u s  e x p e r i e n c e  o f  t h e  i n d i v i d u a l  a s t r o n a u t s ,  i t  may b e  
n e c e s s a r y  t o  i n c r e a s e  t h e  f r e q u e n c y  o f  e x p e r i m e n t s  s o  t h a t  any 
a d v e r s e  r e a c t i o n s  c a n  be p r e d i c t e d  b e f o r e  t h e y  o c c u r .  

T h i s  c o n s e r v a t i v e  a t t i t u d e  i s  e x p r e s s e d  i n  s p i t e  o f  
t h e  a p r i o r i  e x p e c t a t i o n  t h a t  a d a p t a t i o n  t o  z e r o - g r a v i t y  i s  
l l k e l y  t o  o c c u r  most  r a p i d l y  when t h e  e n v i r o n m e n t  i s  f i r s t  a l -  
tered. If a p a r t i c u l a r  man h a s  had a s u c c e s s f u l  60-day e x p e r -  
i e n c e  i n  e a r t h  o r b i t  b e f o r e  t h i s  m i s s i o n ,  w e  know t h a t  he can  
a d a p t  a d e q u a t e l y  t h i s  f a r ,  b u t  w e  have  n o  e x p e r i e n c e  t o  g u i d e  
u s  i n  p r e d i c t i n g  s u b s e q u e n t  b e h a v i o r .  

T h i s  i n c r e a s e  i n  f r e q u e n c y  i s  a d v i s a b l e  n o t  o n l y  t o  
p r o t e c t  t h e  i n d i v i d u a l  a s t r o n a u t s  on t h i s  m i s s i o n ,  b u t  a l s o  
t o  advance  o u r  b a s i c  u n d e r s t a n d i n g  o f  l o n g - t e r m  b i o l o g i c a l  
c f f c c t s  o f  z e r o - g r a v i t y  e n v i r o n m e n t s  b e f o r e  w e  p l a n  a sub-  
s e q u e n t  manned p l a n e t a r y  m i s s i o n .  

T h e r e f o r e ,  i n  t h e  a b s e n c e  o f  any b e t t e r  p l a n ,  i t  
would b e  l o g i c a l  t o  i n c r e a s e  t h e  f r e q u e n c y  o f  t h e  m e d i c a l  ex -  
p e r l m e n t s  t o  t h a t  recommended by B i o l a b s  when e n t e r i n g  p h a s e s  
o f  t he  m i s s i o n  when t h e  a s t r o n a u t s  a re  g o i n g  beyond t h e i r  
p r e v i o u s  f l i g h t  d u r a t i o n .  T h i s  amounts  t o  a s u b j e c t  bime o f  
2.5 h o u r s / d a y ,  a n  o b s e r v e r  t i m e  o f  1 hour /day  and a l a b o r a t o r y  
a n a l y s i s  t i m e  ( s p l i t  among three  s h i f t s )  o f  4 .75  h o u r s / d a y .  

C o n v e r s e l y ,  i f  m e d i c a l  da t a  on many a s t r o n a u t s  i n -  
d i c a t e  t h a t  men can  work i n  o r b i t  f o r  a l o n g  t i m e  ( p e r h a p s  
f o u r  t o  s i x  m o n t h s )  w i t h o u t  a d v e r s e  r e s p o n s e ,  i t  w i l l  be  con-  
c l u d e d  t h a t  a d a p t a t i o n  t o  o r b i t a l  f l i g h t  i s  c o m p l e t e .  A t  t h i s  
t ime,  t h e  f r e q u e n c y  of  m e d i c a l  e x p e r i m e n t s  w i l l  be  r e d u c e d .  

111. BIOMEDICAL SUBSEQUENCE OF A C T I V I T I E S  

F i g u r e  2 d e s c r i b e s  a n  o v e r - a l l  v i ew o f  t h e  m e d i c a l  
a c k i v i t i e s  t a k i n g  p l a c e  i n  t h e  s p a c e  s t a t i o n  by l i s t i n g  t h e  
g e n e r a l  c h a r a c t e r i s t i c s  o f  s e v e r a l  modes,  or s c h e d u l e d  a c t i v -  
i t i e s ,  o f  t h e  b i o m e d i c a l / b e h a v i o r a l  p r o g r a m .  Each mode i s  
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c h a r a c t e r i z e d  b y  i t s  d u r a t i o n  and  f r e q u e n c y  w h o  ; t r i L i  w l i , i t l  

.;y:;tt:ms a r e  p a r t i c i p a t i n g  i n  t h e  a c t i v i t y y  t l l c  I n i ' o i . r n : ~ t  1 0 1 1  

f l o w ,  s p a c e c r a f t  r e s o u r c e s  needed  t o  p e r f o r m  t h a t  mode, arid 
t h e  f a c t o r s  which  w i l l  l i k e l y  n e c e s s i t a t e  a s h i f t  t o  a n o t h e r  
modp. 

Mode A ,  t h e  a c t i v e  m e d i c a l  e x p e r i m e n t  mode, has 
L ) ~ c t i  d i s c u s s e d  i n  d e t a i l  above .  D u r i n g  Mode B ( i n a c t i v e ) ,  
mc:dl c a l  e x p e r i m e n t s  a r e  n o t  t a k i n g  p l a c e .  

E x t r a v e h i c u l a r  a c t i v i t y ,  d e s c r i b e d  i n  Mode C ,  i s  
i l l e l u d e d  i n  t h e  B i o m e d i c a l  Subsequence  r a the r  t h a n  t h e  Opera- 
t i o n s  and M a i n t e n a n c e  Subsequence  b e c a u s e  of i t s  a t t e n d a n t  
m e d i c a l  m o n i t o r i n g .  EVA w i l l  b e  n e c e s s a r y  i n  t h e  two-yea r  
s p a c e  s t a t i o n  f o r  s e v e r a l  r e a s o n s .  I n s p e c t i o n  ( e i t h e r  v i s u a l  
or p h o t o g r a p h i c )  o f  t h e  s p a c e c r a f t  e x t e r i o r  m i g h t  b e  d e s i r a b l e ,  
a l t l i oug l i  t h e  s t a t i o n  w i l l  be d e s i g n e d  t o  r e q u i r e  a minimum o f  
e x t e r i o r  m a i n t e n a n c e .  E x t e r i o r  equipment  may n e e d  r e p a i r  or 
c l e a n i n g .  M a t e r i a l s  might  have  t o  be  d e p l o y e d  or r e t r i e v e d  
If t h e  dep loymen t  mechanism f a i l s .  T e s t s  o f  new s p a c e  s u i t  
d e s i g n s  may be  n e e d e d .  I n  a d d i t i o n  t o  t h e s e  t a s k s ,  e a c h  crew 
member s h o u l d  have  EVA e x p e r i e n c e  m a n e u v e r i n g  i n  t h e  ex t r a -  
vehicular e n v i r o n m e n t  s o  t h a t  h e  w i l l  b e  ab le  t o  p e r f o r m  
r e s c u e  o p e r a t i o n s  i n  e m e r g e n c i e s .  

The f o u r - h o u r  time a l l o t m e n t  i n  t h e  c h a r t  i s  o b v i -  
' 3 u s l y  n o t  a f i r m  s t a t e m e n t  o f  EVA d u r a t i o n ,  b u t  i t  d o e s  l e a v e  
a1 )ou t  two h o u r s  f o r  work ing  a t  a s i t e  a f t e r  0 . 5  h o u r  i s  a l -  
lowed for t r a v e l  t o  a n d  f r o m  t h e  e x i t  p o r t ,  a n d  1 . 5  h o u r s  i s  
a l l o w e d  for EVA p r e p a r a t i o n s  ( s u i t  d o n n i n g  and  d o f f i n g ,  PLSS 
c t iec l tou t ,  equ ipmen t  s t o r a g e ,  e t c . ) .  It i s  assumed t h a t  t h e  
l i f e t i m e  o f  t h e  PLSS equipment  i s  l o n g  enough t o  c o v e r  a l l  
c o n t i n g e n c i e s .  

Mode D ( r e p a i r  of m e d i c a l  e q u i p m e n t )  i s  e s s e n t i a l l y  
t l ie same as t h e  r e p a i r  mode for o t h e r  equ ipmen t  (Mode E o f  t h e  
O p e r a t i o n s  and  Main tenance  S u b s e q u e n c e ) ,  e x c e p t  t h a t  he re  t h e  
rricdi.ca1 e x p e r i m e n t s  a r e  i n t e r r u p t e d  a n d  some e l e m e n t a r y  p r e -  
c a u t i o n s  must  b e  o b s e r v e d  b e f o r e  r e p a i r  i s  a t t e m p t e d  ( see  
' T a b l e  11). 

The n o r m a l  s c h e d u l e  of m e d i c a l  e x p e r i m e n t s  w i l l  be  
d i s r u p t e d  i f  one  o f  t h e  crew members n e e d s  e x t r a  a t t e n t i o n  for 
k.c)rr~~.3 r e a s o n .  T h i s  i s  shown i n  t h e  " t r a n s i t i o n "  s e c t i o n  o f  t h e  
" a c t i v e  mode" and  t h e  " m o d i f i e d  a c t i v e ' '  mode i n  t h e  c h a r t .  
l l i ree  p o s s i b i l i t i e s  e x i s t :  (1) t h e  a f f e c t e d  a s t r o n a u t  may 
need d i f f e r e n t  or more f r e q u e n t  m e d i c a l  t e s t s  which  c o u l d  b e  
p e r f o r m e d  b y  h i s  "buddy;"  ( 2 )  t h e  a s t r o n a u t  may n e e d  t h e  c l o s e  
a t t e n t i o n  o f  t h e  c rew m e d i c a l  s p e c i a l i s t ,  and  t h e  w o r k - s l e e p  
s c h e d u l e  o f  t h e  e n t i r e  crew would h a v e  t o  b e  a l t e r e d  s o  t ha t  
t h e  p h y s i c i a n  becomes h i s  "buddy;"  or ( 3 )  t h e  i n c a p a c i t a t e d  

1 1  
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i i i a i  w t y  ric.ed no a t t e n t i o n  a t  all. I n  s e v e r e  c a s e s  o f  p r o -  
lorig(:d d u r a t i o n ,  i t  may b e  d e s i r a b l e  to r e l i e v e  t h e  “buddy”  
of’ t i i s  m e d i c a l  wa tch  b y  p u t t i n g  a new man on  t h a t  s h i f t .  I n  
c a s e s  more s e v e r e  t h a n  this, one  o f  t h e  a b o r t  modes may b e  
r e q u i r e d .  

IV. SUMMARY 

T h i s  o v e r a l l  d e s c r i p t i o n  of t h e  b i o m e d i c a l  a c t i v i t i e s  
hab; d e m o n s t r a t e d  t h a t  a m e a n i n g f u l  m e d i c a l  measu remen t s  program 
c a n  b e  accommodated i n t o  t h e  d a i l y  s c h e d u l e  o f  a m u l t i - d i s c i -  
p l l n a r y  s p a c e  s t a t i o n .  For p l a n n i n g  p u r p o s e s  w e  h a v e  d e f i n e d  
3 1, lock  o f  m e d i c a l  t i m e  which i s  a d e q u a t e  for t h e  m e d i c a l  p ro -  
ty’am. 

The a u t h o r  wishes  to t h a n k  S.  L .  Penn and G.T. Orrol: 
f ’ o t .  a d v i  c e  c o i i c e r n i n g  t h e  p e r s o n a l  m a i n t e n a n c e  s c h e d u l e  and 
H.A. G ~ o p p e r  for h e l p f u l  comments c o n c e r n i n g  EVA. 
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